Background. End-stage renal disease (ESRD) patients, not uncommonly, might exhibit thrombotic complications, as well as they may present with a bleeding diathesis. Changes in vessel wall and/or blood flow in native arteriovenous fistula (AVF) might also augment these disarrangements, as vascular endothelium is predominantly involved in the regulation of haemostatic pathways. Objective. This study was designed to evaluate the state of coagulation and fibrinolysis and the role of AVF on haemostatic defects, in ESRD patients on maintenance haemodialysis. Methods. Plasma samples for prothrombin fragment 1 + 2, thrombin-antithrombin III complex, plasmin-a 2 antiplasmin complex, tissue type plasminogen activator antigen, urokinase type plasminogen activator antigen, u-PA activity, plasminogen activity, a 2 -antiplasmin and a 2 -macroglobulin assays were obtained from AVF and contralateral large veins of ESRD patients and from peripheral veins of the control group. Results. Our results indicate a predominant thrombotic state as evidenced by activated coagulation markers and enhanced fibrinolysis in systemic circulation of ESRD patients. However the most novel finding is the probable contribution of AVF on haemostatic activation, as proven by the statistically different and positively correlated concentrations of both coagulation, fibrinolysis, and fibrinolysis inhibitors in AVF when compared to the levels in peripheral venous circulation. Conclusion. In addition to systemic derangements of haemostasis in ESRD patients, AVF individually might have a substantial role in the modulation of coagulation and fibrinolytic cascade.
Introduction

End-stage renal disease (ESRD) is assumed to possess a high risk for thrombotic complications such as
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ischaemic heart attacks, stroke, and thrombosis of arteriovenous fistula (AVF) in which this thrombotic state is a predominant cause of mortality in the vast majority of patients on maintenance haemodialysis programmes [1, 2] . On the other hand, ESRD patients may rather present with a contrasting clinical picture of a bleeding diathesis which is mainly caused by functional platelet abnormality and defective platelet adhesion to vessel walls [3] [4] [5] . Although severe bleeding complications such as cerebral haemorrhages and haemopericardium are rare, excessive bleeding following a trauma and eventual blood loss during surgery poses a clinical problem [6] . These peculiar haemostatic defect (s) are associated with a high morbidity in such a way that thrombotic complications related to AVF still account for nearly 30% of all hospital admissions of haemodialysis patients [7, 8] . An additional consideration, however, is the changes in morphology of vessel wall and blood flow in the created native AVF that might contribute to haemostatic disarrangement observed in uraemic patients, since vascular endothelium is actively involved in haemostasis [9, 10] .
The alteration of functional and morphological state in AVF may play a putative role in the abnormality of haemostasis in uraemic patients. We studied haemostatic and fibrinolytic parameters in venous plasma samples of ESRD patients and compared to that of healthy controls to assess the haemostatic defects in uraemia. Furthermore, plasma samples obtained from contralateral veins of patients and from venous return of AVF were measured to determine whether haemostasis and fibrinolysis are locally activated in AVF. The aim of this study is therefore to assess the molecular markers leading to activation and/or inhibition of coagulation and fibrinolysis in ESRD patients and to evaluate the possible contribution of AVF on these haemostatic parameters.
Subjects and methods
Patients
Patients with a history of thrombosis (including thrombosis of fistula, myocardial infarction or deep venous thrombosis) or a haemorrhagic event within last 6 months, and those with a history of malignancy, amyloidosis, diabetes mellitus or a documented infection were not included in the study. Twenty-six ESRD patients (18 male, 8 female, mean age + SD: 39.3 +11.4, range: 21-69) were eligible after initial evaluation. The causes of ESRD in the study group were chronic glomerulonephritis in 12 patients, chronic pyelonephritis in eight, polycystic kidney disease in two, and of unknown origin in four. They have been maintained on chronic haemodialysis programmes for an average of 71.7 + 22.4 months (range 28-106). Patients have been dialysed for 4-5 h each day, 3 days a week using hollow-fibre dialysers made of cuprophane. Bicarbonate-based dialysate was used in 14 patients while acetate-buffered dialysate was used in the remaining 12. In all patients haemodialysis procedure was performed by means of an AVF created in one of the upper extremities, with a blood flow maintained at least 200 ml/min and without an anatomical lesion (confirmed by Doppler ultrasonography and fistulography). Mean duration of AVFs of patients was 27.1 + 11.2 months. None of the patients was HBsAg positive. Although 11 were seropositive for hepatitis C (HCV), their serial ALT measurements had been within normal limits for the last 6 months. Patients were administered calcium carbonate as phosphate binders, and iron and multivitamin supplementation, essential amino acids, and antihypertensive medication when indicated. Sodium, potassium, phosphorus and fluid restrictions were recommended if needed. Fourteen patients were receiving recombinant human erythropoietin (rHuEpo) treatment 50-100 U/kg per week. Patients receiving medications known to interfere with haemostasis (i.e. oral contraceptives, antiaggregants), except for heparin administered during haemodialysis session and rHuEpo were not enrolled to the study.
Control group
The control group consisted of 22 healthy normal volunteers, mainly hospital staff (12 male, 10 female, mean age 37.1 ± 9.2, range 20-58). They had normal renal function, had no evidence of systemic disease, including infection, and had not received any kind of medication.
Assays
The study was a cross-sectional determination of prothrombin fragment 1+2 (PF 1.2), thrombin-antithrombin III complex (TAT), plasmin-a 2 antiplasmin complex (PAP), tissue type plasminogen activator antigen (tPA Ag), urokinase type plasminogen activator antigen (uPA Ag), u-PA activity (uPA Act), plasminogen activity (PLG act), a 2 -antiplasmin (a 2 -AP), and a 2 -macroglobulin (a 2 -M) concentrations in plasma samples taken simultaneously from venous return of AV fistulae, large veins of contralateral upper extremity of haemodialysis patients, and from large antecubital veins of healthy volunteers. Blood specimens were obtained from patients just before a haemodialysis session. Each test procedure started between 8:00 and 8:30 a.m., in order to avoid the effects of diurnal variation of the haemostatic system. Blood samples were drawn after a 30-min period of rest in the sitting position by 19-G butterfly needle connected with a plastic syringe without interruption of venous flow. Twelve millilitres of blood were drawn at each sampling time with the first few millilitres discarded. Nine millilitres of each sample were put into polypropylene tubes containing 1 ml 0.109 M tnsodium citrate and centrifuged at Y. Erdem el al. Quantitative uPA act, and PLG act levels in plasma samples were determined by chromogenic assays. a 2 -AP concentrations of the same samples were determined by synthetic chromogenic substrate method and a 2 -M levels were measured by radioimmunodiffusion method (Table 1) .
All assay procedures were performed according to the manufacturers' recommendations in a single session in order to avoid interassay variations. Assays were performed in duplicate and the average of two measurements was used for statistical analysis. Intra-assay coefficients of variation for various assays performed in our laboratory were less than 8.8%. Calculations were done with a computer-based curvefitting statistical software package.
Statistical analysis
To avoid a covariance effect, if any, we performed multivariate analysis of the studied haemostatic parameters taking each preassay characteristics (age, sex, type of dialysate used, duration of patent AVF, HCV positivity, or erythropoietin treatment) as a covariate in the model. The differences of haemostatic parameters between arteriovenous fistula and peripheral vein of haemodialysis patients were calculated by paired-sample t test, and independent samples / test was utilized for comparisons of venous samples between patient and control group. Correlations of haemostatic parameters amongst arteriovenous fistula and peripheral vein in haemodialysis patients were measured by Pearson's correlation test. Positive results obtained from correlation analysis were tested to fit in a linear model by regression analysis. Results were expressed as mean + SEM and P values lower than 0.05 were reckoned to be significant. SPSS (Statistical Package for Social Sciences) v 5.01 for Windows were utilized to analyse the data.
Results
According to the results of multivariate analysis of preassay characteristics there were no difference in studied haemostatic parameters by means of age, sex, type of dialysate used (acetate vs bicarbonate), duration of patent AVF, HCV positivity, or erythropoietin treatment (P>0.05). Prothrombin time, activated PTT, thrombin time, and platelet count were within normal limits before study and showed no statistically significant difference between patient and control groups (P>0.05). Prior to the study, mean + SD haemoglobin concentration was found to be 9.1 ±1.3 g/dl in the patient group.
Mean + SEM plasma concentrations and the results of the statistical comparisons of studied parameters in AVF and peripheral veins of uraemic patients on maintenance haemodialysis and that of healthy subjects are given in Table 2 .
Coagulation markers PF 1.2 and TAT, in vivo markers of coagulation, were found to be elevated in venous samples of patients comparing to control group. Besides in vivo coagulation was shown to be more pronounced in AVF of uraemic group as PF 1.2 and TAT were higher in AVF compared to samples of opposite vein.
Fibrinolytic parameters
The mean venous concentrations of uPA Ag and tPA Ag were similar between patient and control group, while mean levels of uPA act were higher in ESRD patients. However, uPA Ag, uPA act, and tPA Ag were found to be increased in AVF compared to the levels of peripheral vein of the patient group similar to the results observed in coagulation markers. Moreover, haemodialysis patients revealed significantly elevated venous PAP and PLG act concentrations above those of the control group, and these parameters were also higher in AVF when compared to the mean levels of contralateral veins in the patient group.
Fibrinolysis inhibitors
Mean a 2 -AP and a 2 -M concentrations were comparable between study and control groups, but oc 2 -AP was found to be statistically low where mean a 2 -M levels were significantly higher in AVF when compared to the levels of peripheral veins in uraemic patients.
Correlation between AVF and contralateral vein
All studied haemostatic parameters showed a significant correlation between AVF and contralateral peripheral vein, and furthermore both AVF and venous levels of each parameter exhibited a pattern of positive linear regression (P<0.05) with regression lines having changing intercepts and slopes (Figure 1 A-D) .
Discussion
Major determinants of the haemostatic systems consists of vascular endothelium, platelets, and proteins of coagulation and fibrinolytic system. The pathological and physiological activation of the haemostatic process could occur via the generation of several molecular markers of haemostasis before any clinically evident thrombotic event [11, 12] . Coagulation and fibrinolytic markers have been studied previously in ESRD patients in connection with the effect of haemodialysis procedure and type of dialyser used [13] [14] [15] . However, the paucity of the literature makes it difficult to draw conclusions concerning the effect(s) of AVF Table 2 . Levels of haemostatic parameters in patient and control groups (Results in mean + SEM) Prothrombin fragment 1 + 2 (nmol/1) Thrombin-antithrombin III complex (ug/dl) Plasmin-a 2 antiplasmin complex (ng/dl) t-PA antigen (ng/ml) u-PA antigen (ng/ml) u-PA activity (ng/ml) Plasminogen activity (%) a 2 -Antiplasmin (%) a 2 on haemostasis. This possible effect deserves attention since changes in morphology of vascular endothelium and unusual increments in luminal blood flow may contribute in local activation of both coagulation and fibrinolysis. PF 1.2 is a good indicator of thrombin, and once thrombin is formed it makes complexes with endogenous serine proteases such as antithrombin III [16] . The TAT complex, like PF 1.2, could be measured in blood during slight clotting activation [17] . These two markers of coagulation circulate in the blood of patients who suffer from any kind of thrombotic disorders [3] . In vivo activation of coagulation system in chronic renal failure is a well-known clinical entity; however, the exact mechanisms by which the thrombotic state develops in renal failure is not clear. In our study, PF 1.2 and TAT levels were found to be elevated in ESRD patients, consistent with previous reports [14, 17] . Interestingly, enhanced thrombin generation documented by the increments of PF 1.2 and TAT levels in AVF compared to that of contralateral veins may contribute significantly to the thrombotic state in ESRD patients. Keeping the fact of positive correlation of coagulation markers between AVF and contralateral peripheral vein in mind, it is noteworthy that AVF seems to play a crucial role in the pathogenesis of the thrombotic state in uraemia. To date, no such study concerning the effect of AVF on coagulation activation has been reported.
There are two major types of plasminogen activators in circulating blood: tPA and uPA. Both reveal relatively weak activity in circulation, but are converted to more active forms when fibrin is formed. tPA, the main physiological activator of blood fibrinolysis, is released from the blood vessels, facilitating the lysis of on-site fibrin clot where impairment of release results in thrombotic complications [18] . Likewise, uPA is secreted into the circulation from vascular endothelial cells and possesses a similar role in fibrinolysis [19] . As plasmin is generated, it is effectively inhibited by a 2 -AP forming PAP complex, which is a another marker of activity status of the fibrinolytic system, and increments in concentrations reflect plasmin formation [20] . Fibrinolytic activity is found to be greatly enhanced in AVF of our patient group, since PAP, tPA Ag, uPA Ag, uPA act, and PLG act concentrations were significantly higher than the contralateral veins' measurements, and correlated positively. PAP, uPA act and as well as plasminogen activity were higher in the patient group compared to healthy controls, while tPA Ag and uPA Ag showed no significant difference. This observation is in keeping with a slightly increased fibrinolytic activity in ESRD patients. There have been conflicting data arguing no change [21] , decrement [22] , or increment [15] of fibrinolytic activity in uraemia. This controversy might be mainly due to variability in study design or methodology and different group of patients (i.e. age, underlying disease, or causes of ESRD). It might be hypothesized that as with increased thrombin generation in AVF, fibrinolysis is activated in the fistula and increased coagulation along with fibrinolysis in the AVF builds a dynamic balance that maintains the patency of the fistula. More activation of coagulative pathway and/or depression of fibrinolytic activity might lead to thrombosis of the fistula; however, at what point this critical equilibrium is broken has still to be elucidated.
Thrombi formed in vivo are subject to endogenous fibrinolysis and this process is hampered by the presence of a 2 -AP, a primary inhibitor of plasmin activity, also hindering the absorption of plasminogen to fibrin and thereby retarding the initiation of the fibrinolytic process in which deficiency of oc 2 -AP leads a severe haemorrhagic tendency [23] . While a 2 -M plays a secondary role in prevention of systemic fibrinolysis, it has a naturally occurring anticoagulant activity by inhibiting thrombin [24, 25] . We did not observe any significant difference in peripheral venous <x 2 -AP and oc 2 -M concentrations between patient and control group. In spite of this observation, a 2 -AP was significantly low and a 2 -M was high in AVF, consistently with other studied parameters, as they revealed the same pattern of positive correlation between AVF and peripheral vein. Decreased levels of a 2 -AP in haemodialysis patients obtained here have also been noted previously in particular reports, however with insufficient data concerning the source of sampling (artery or vein) in these studies [15, 26] . Locally depression of a 2 -AP levels in AVF compared to peripheral vein, along with enhanced fibrinolysis in our study, is a new observation that these findings might be used as a factor to prevent the thrombosis of a fistula. Nevertheless, it is certain that follow-up of patients for longer periods is necessary to resolve the conflict concerning the clinical implications of these in vitro haemostatic markers.
In conclusion both coagulation and fibrinolysis seem to be activated in ESRD patients, and additionally AVF might be an independent factor to interfere with and/or induce the haemostatic cascade activation, which warrant further studies to expand the knowledge related to abnormalities of haemostasis in haemodialysis patients.
